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ABSTRACT 

The locality of Volax is situated in eastern Macedonia, Greece, in a small 

karstic-tectonic basin, ’l'he Volax horse is a large-sized horse with moderately 

plicated enamel in the upper teeth, short prococone with fiat lingual border, 

hypsodont teeth, sÜghtly plicated flexids in rhe lower teeth, as well as short 

and robiist metapodials. The dental and postcranial characcers of the Volax 

horse indicatc thaï it is a stenonoid horse with grcatest similarities to rhe 

hor.se from Dafncro (Cireece) and La Puebla (Spain). Ir is aiso close to 

E. s. vireti front J>ainc-Vallier, as wcll as to rhe hor.se from Oiivola and 

Matassino (Italy). The study of the Volax equid adds to our knowledge 

about the Villafranchian horses and their relationsliips. The age of the Volax 

locality is also discussed and a middie Villafranchian age (MN17) is propo- 

sed. 
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mammifere.s, 

équidifs, 
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RÉSUMÉ 

Le gisement fossilifère de Volax se situe en Grèce, dans la Macédoine orien¬ 

tale. Le matériel d’cquidc trouve dans ce gisemenr fait Tobjer de ce travail. Il  

s’agit d’un équidé de grand taille, à l’émail de la denture supérieure modéré¬ 

ment plissé, doté d’un court protocône et d'une face linguale place, d’une 

hyp.sodontie assez forte. Les flexides de la denture inférieure sont légèrement 

plissés, les métapodiaux courts et robustes. Ces caractéristiques montrent de 

fortc.s similitudes avec £. s. tnreti des giscmcnt.s de Dafncro (Grèce) et de 

La Puebla (Espagne). I .’équidé de Volax ressemble aussi à E. nenonîs de 

Saint-Vallicr, et à l’équidé d’Olivola et de Matassino (Italie). L’étude des 

équidés de Volax parfait notre connaissance des chevaux du Villafranchien et 

de leurs relations de parenté. La datation du gisement est également discu¬ 

tée ; un âge Villafranchien moyen (M N17) peut être propose. 
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INTRODUCI’ION 

The locality of Volax has been discovered in 

1961 by Prof. H. J. Martini (University of 

Hannover) ̂who investigated the area studying 

the manganium deposits and informed 

Prof. O. Sickenberg, ol the .saine University, 

about rhe new locality. With the permission ot 

Prof. M. Mir/opoulos (University of Arhens) and 

Prof G. Marinos (University of Tliessaloniki), 

Sickenberg excavaced and collected abundant 

material which was carried to Hannovcr 

(Sickenberg 1968a). Part of rhe material, indu- 

ding the carnivores and rhe gI^affids  ̂was scudied 

by Sickenberg and then sent back ro rhe 

University of Athens (Sickenberg 1967, 1968b). 

The rest material remaincd in Hannover iill  

1992. At chat rime one of us (G. Koufos) askcd 

from the University of Hannover lo send back 

the material. The dirccror of the laboratory in 

Hannover, Prof Becker-Piatten, sent back imme- 

diately to our laboratory the material in his dis¬ 

posai. This material was prepared and registered 

again. The artiodactyls (bovids and cervids) were 

given by G. Koufos to D. Kostopoulos and hâve 

been studied by him as a part of his thesis 

(Kostopoulos 1996). The rest material, including 

the equids, is studied in this article. 

The locality is situaied near the village of Volax 

about 11 km north-wesi of Drama (Fig. 1) in a 

small karstic-ieaonic bxsin. The basin is filled by 

clastic sédiments belonging to two alluvial fans. 

The depo.siis consist of ahetnacing heds of 

conglomérâtes and calcareous sandstonc-s with 

lemicular intercalations of very hard calciric- 

arenaccous clays including the fossils. Two fossi- 

liferous sites hâve been found, referred as Lager 1 

and Lager 2 (Sickenberg 1968a). Bofh .sites are 

situaied in l^eprokaria ravine; Lager 2 is* locaied 

at the eastern wall of the ravine and Lager 1 at 

the western wall, abour 3-5 m above Lager 2 

(Kostopoulos 1996). The matrix is very hard and 

the préparation of the fossils quite difFicuIt. The 

material from both sites was mixed by 

Sickenberg and for this rea.son it will  be referred 

as a single sample under the locality indication 

"Volax" (VOL). 

The Volax material includes quite well preserv^ed 

specimens of equids which allow a good descrip- 

tion and comparison with the known 

Fig. 1. — Sketch map indicating the various referred Villafranchian localities of Macedonia. Greece. 
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Vilkfranchiaii fiorses oi Grcece and Europe. Some 

years ago the VUlafranchian ccjuids of Greecc were 

more or less unknown. Recently a ricli  sample 

trom the varîous localiries ot Mygdonia basin 

(Macedonia, Greecc) lias been described (Koufos 

1992; Koufos êt al. in prep.). Some material of 

Villafranchian horscs wxs also desaibed from wes¬ 

tern Macedonia, Greece (Sceensma 1988; 

Koufos & Kostopoulos 1993). Moreover some 

equids are also reported from the Villafranchian 

localiry of Seskion (ThcssaJy, Grcece) by 

Symeonidis (1991-1992). The study of chc Volax 

equids will  add to our knowledge about the 

Villafranchian horses and thetr relationshjps, as 

well as to the biostradgraphy ofVillafraachian. 

The descriptions and ineasurements of the mate¬ 

rial are given according to the System proposed 

by Eisenmann étal. (1988). 

PALAEONTOLOGY 

Order PERJSSODACTYLA Owen, 1848 

Family EQUIDAE Gray, 1821 

Genus Linneaus, 1758 

Species Equtts stenonis Cocchi. 1867 

Equus stenonis cf vireti 

Locality. — “Volax”,  VOL (= Lager 1 and 2 of 
Sickenberg 1968a)» Macedonia, Greece. 

Age. — Middle Villafrandijan (laïc Pliocène). 

Material. — Maxilla wiih P2-M3 dex and P2-M2 
sin, VOL-203; P2 dex, VOL-209; P3,4 sin, VOL- 
207; M3 sin, VÜL-208; mandible. VOL-202; right 
mandibular ramus wiih dp2-dp4, VOL-204; 5 distal 
parts ofhumcrus„VOL-172. 173. 174, J75, 177; 
radius, VOL'170; proximal part of radius, VOL-169; 
2 distal parts ol radius, VOL-167. 168: 2 Mc III,  
VOL-i52, 155: proximal parc of Mc 111, VOL-157; 
2 distal pans ofMc IJL VOL-15.3, 156; tibia,. VOL- 
162; 2 proximal parts of tibia, VOL-l  63, 165; 4 discal 
parts oF tibia, VOL-l6(), 16], 164. 166; os cuboid. 
VOL-198; 2 astragali» VOL-167. 169; 2 Mt lU. 
VOL-145, 149; 3 pioximal parts of Mc lU, VOL-144, 
146, 147; 5 distal parts ol Mt III,  VOL-148, 150, 
154, 158, 159; fitst anterior phalanx, VOL-183; first 
posterior phalanx. VOL-181; proximal part of first 
phalanx, VOL'184; 2 distal parts of first phalanx, 
VOL-1S2, 185; 2 second phalanges. VOL-186, 187; 
4 third phalanges, VOL-188, 189, 190, 191. 

DhSCRlPllON 

Maxilla and mandible 

A maxilla (Fig. 2) is only known with both 

coochrows and .a more or less complété mandible 

(Fig. 3) wirhout the ascending ramus. The palate 

is relatively elongated. narrow and deep. The dis¬ 

tance anccrior border of P2-choanae is 148 mm, 

while the palatal breadth is 73.4 mm in front of 

P2 and 75.5 mm between the posterior borders 

of P4. The choanae arc broad and their anterior 

border is situated at the middle of M2. l'hc facial 

crest is strong and its anterior border is situaied 

above Ml. The toothrow length Is 185 mm and 

the length of the premolar and molar rows is 

102 mm and 83.6 mm rcspectively. The index 

Molar length X 100/Prcinolar length is 83-6 ps 

88.6 for E. s. cf. vireti (Dafnero, western 

Macedonia, Greece), 84.2 for E. s. mygdoniensis 

(Gerakarou, Mygdonia basin, Macedonia, 

Greece), 84.1 for E. s. cf. vireti (La Puebla» 

Spain), 82.7 for/:', s, vireti (Saint-VaJlier, France), 

80 for E. s. senezensis (Seneze, France) and 

76.9-86.2 for E. s. stenonis from U. Valdarno; 

data from Prat (1968), Eisenmann (1980), Privât 

Defaus (1986), Koufos (1992), and Koufos & 

KostopouJos (1993). The Volax horse in this 

characcer is similar to chc stenonoid horscs. In 

front ot P2 thcrc is chc trace of a small single- 

rooted dPl. 

The mandible is large and elongated with relaci- 

vely shallow horizontal ramus. The snout is rela¬ 

tively long and narrow; however at the inçisors 

area it is wide. The symphysis is elongated. 

Thcre is not any trace of dpi, The toothrow 

length is 188.5 mm. while lhat of the premokars 

and molars is 92.2-98.3 mm and 91.5 mm res- 

peccively. The index Molar length X 100/ 

Premolar length is 93.6 vs 92.6 for E. s. cf vireti 

(Dafnero, western Macedonia, Greece). 95.6 for 

E. s. mygdonicnsh (Gerakârou. Mygdonia basim 

Macedonia, Greece), 92.3 for E, s. senezensis 

(Senèze, France) and 90.3-96.6 for E. s. stenonis 

from U. Valdarno; data from Prat (1968), Privât 

Defaus (1986), Koufos (1992) and Koufos & 

Kostopoulüs (1993). 

Permanent dentition 

The upper teech are small relatively to the skull 

with strong mesostyle. 

643 I GEODIVERSITAS • 1997 • 19(3) 



Koufos G. D. & Vlachou T. 

The fossettes are alvvays closed and isolated. The 

enamel tn cheir borders Ls slighdy plicated. In the 

very worn ceeth (VOL-209) dic enamel is simple 

and che fossettes arc buccolingiially narrow. The 

plication immber is as an average Five plis in the 

premolars and six plis în the molars. The proto- 

cone is assymetrical and relatively short wkh fiat 

lingual border. In the premolars it is triangular, 

while in the molars it is more elongated and 

elliptical. In the extremely worn P2 (VOL-2()9) 

the protoconc is rounded. The short protocone 

characterizes E. stenonE (Azzaroli 1965; De Giuli 

1972). The pli cabalin is simple and small or 

rudimentary. The hypocone is elliptical with 

rounded distolabial border. The distal hypoconal 

groove is narrow and shallow, while a shght lin¬ 

gual groove is présent only in rhe premolars- In 

M3 ihcre is one isolated hypoconal islet. There 

are no unworn or little worn teeth ro mcasure 

ihe hypsodoniy but from the available material 

ihe teeth seein to be hypsodonc. 

The lower incisons are medmm-sized with cllipti-  

cal-rounded crowns and well devcloped cusps. 

The paraconid is moderately dcveloped in p2. 

llie parosty^id is moderately devcloped; its lingual 

border does not exceed the middle of the meta- 

conid. It is also closed from ail sides, suggesting a 

“stenonine” ty'^pe horse (Eisenmann 1981, fig. 3). 

Fig. 2. — Equus stenonis cf. vireti, Volax, Macedonia, Greece. A, maxilla with P2-M3 dex and P2-M2 sin, VOL-203: B, right toothrow 
of the maxilla VOL-203: C, left toothrow of the maxilla VOL-203. 
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The metaconid is roundcd, the metastylid ellipti- 

cal-rounded and the entoconid squarish in the 

premolars and elliptical in the molars. The lingual 

Wall of both metaconid and metastyUd is convex. 

The linguaflexid is V-shaped and deep, like in the 

“stenonine” type horses (Aizaroli 1965; De Giuli 

1972; Eiseiimann 1981). The linguaflexid is shal- 

lower in the premolars than in rhe molars; in rhe 

latter it sometimes touches the eaollexid. The lat- 

ter is V-shaped, open and shallow in the premolars 

but deeper and narrower in the molars. There is a 

simple and very small rudimentary pli caballinid 

which tends to disappear in the more worn tecth 

(ml of VOL-208). The enamel at the preflexid’ 

borders' is simple, while the postflexid has plicated 

or crenulated enamel in its buccal border. 

Milk  dentition 

A unique complète lower milk tooth row with 

slightiy worn teeth is availablc. The paraconid in 

dp2 is moderatcly developed. The parasrylid in 

dp3v4 is well developed and closed, The enamel 

at the flcxid's borders is simple, wirhout plica- 

tions. The linguaflexid has open-V shape, while 

Fig. 3. — Equus stenonis cf. vireti, Volax, Macedonia, Greece. A, mandible with both toothrows, VOL-202; B, left toothrow of the 
mandible VOL-202: C, right mandibular ramus with dp2-dp4, VOL-204; D, right milk toothrow of the mandible VOL-204. 
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Equus stenonis from middie ViUafranchian of Macedonia 

index (= distal articular breadth X 100/height) is 

20.1, indicating a relaiively robust metapodial. 

The kcel index (= distal articular breadth 

X 100/max DAP of the kecl) is 129.9, indicatinga 

moderatel)' dcvelopcd kecl. In the availablc nieta- 

carpals therc Ls no fusion oftlie lareral metapodials 

with the central one, the proximal part is flatiencd 

and the anteroposreriot dlamcter of the proximal 

articular facec is short, 'fhe suprarticular fossae are 

sharp in the anterior lace of the distal part with 

various deprh, whÜe in rhe postenor face the kecl 

is not ver\' high. AN these features of the metacar- 

pals are characreristic for rhe stenonoid horses 

(Gromova 1949; DcGiuli 1972). 

Metatarsals. Thèse arc short and robust; the 

sienderness index is I7> indicating a robust meta- 

tarsal. Morphologically, Ln rhe posterior surface 

of the discal part, there are rwo fossae separated 

by a slighc crest indicating a stenonoid horse 

(De Giuli 1972). In the stenonoid horses ihe 

metararsals relative to the metacarpals are shorter 

A PROTOCONE INDEX 

B POSTFLEXID INDEX 

Fig 5. — Comparative diagram nt Protocone index (A) and 
Poslflexid index (B) lor the leelh of various stenonoid horses. -, 
E s. Cf, vkeU, Volax, VOL; E s cf, viretù Dafnero. Gieece 
(Koufos & Kosiopoulos 1993): . E s cf. vireti. La Puebfa, 
Spain (Eisenmann 1980. l9B1)r . £ s vtrefK Satnt-Vallter. 
France (Etsenmann 1980. 1981): , E. s. senezensis, Senèze, 
France (Eisehmenn 1980. I98iy, #. E. s. mygdoniensis, 
Gerakarou, Greece (Koufos 1992). 

(De Giuli 1972). The index heighr Mc III  

X lüO/hcight Mt lu ]s 87.6, t/s 84.2 for DPN, 

86.5 for La Puebla, 87.8 for Saint*Vallier, 86.5 

lor Olivola and 87.5-89 for Gerakaroii horse. 

According to ihis character the Volax equid 

helongs to the stenonoid horses, as this index for 

E. caba/lus ïs 82 (De Giuli 1972). 

Astiagalî. rhe rwo availahle a.stragali from Volax 

hâve higher than 100 index heighr of the latéral 

condylc X 100/niax breadth; rhis index is at 

mcan 105 for the Volax equid, whilc in the 

caballoid populations ic is 96.3 (De Giuli 1972). 

The crest distinguishing the facer.s for navicular 

and cuboid is very sharp and the facet for cuboid 

is very oblique. These two morphological fea¬ 

tures suggesr a stenonoid horse (Gromova 1949; 

De Giuli 1972). 

First phalange.s. These are relatively short and 

robust; ibe anteriot first phalanx is slenderer than 

ihe posterior one. The rrigonum phalangis is 

rclatively short: the index max length of trigo- 

nuni phalangis X 100/heighr is 56. l vs 70-74 for 

the caballoid honses (De Giuli 1972). Thus, in 

this feature, clic Volax horse is similar to the .ste* 

nonoid horses. The second phalanges are short, 

robust and anteroposteriorly llancned. 

DISCUSSION 

As referred in the description, the Volax equid 

has dental and postcranial morphology and pro¬ 

portions similar to chose of E. stemnE. However 

there are scveral subspecies of E. stetioms descri- 

bed from various European localitics. l'wo well 

known subspecies are known from Macedonia: 

E. s. cf. uireii Irom the locality of “Dafnero” 

(DFN), western Macedonia. Greece (Koufos & 

Kostopoulos 1993), and E. s. mygdoniemE Irom 

the localic)  ̂of “Gera-karou-l” (GER), Mygdonia 

basin, Macedonia, Greece (Koufos 1992). A .ste¬ 

nonoid horse referred as £. stennnis is known 

from Thessaly (Symeonidis 1991-1992). A 

small-sized stenonoid horse similar to thac from 

Gerakarou is aiso referred from rhe Grevena 

basin as E. s. cf. scTiczensis (Steensma 1988). 

Besides these Greek sub-Species there arc scveral 

others known from the ViUafranchian of Italy, 

France and Spain. The Volax equid will  be com- 
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pared with these in ordcr to fmd its relatîonships 

with them. 

The Dafnero horse is a stenonoid onc which bas 

great similariries with that fiom Volax. It is a 

large-sized horse with niodcratcly plicated 

enamel in thc upper teçrh (an average of six plis 

in the premolars and 6.4 plis in the molars). 

short protocone with flat lingual border, hypso- 

dont teeth, sJightly plicated flexids in the lower 

teeth, short and robiist metapodials (Koufos & 

Kostoponlos 1993). The protocone index 

(Fig. 5A) ol Volax and Dafnero horse is more or 

less similrir, while the postflexid index (Fig. 5B) 

of the Dafnero horse is high, suggcsring longer 

posrflexicl. As the postflexid length dépends 

upon the attririon, and as the spécimens from 

Volax are few ( l'2), this diftcrcnce is possibly not 

valid. The Volax metapodials arc very similar to 

rhose of Dafnero (Fig. 6A). In the dlagrams of 

figure 6 their Unes are parallel to those of 

Dafnero horse, suggesting similar sue and pro¬ 

portions. Moreover vheir general proportions arc 

similar to those of the large stenonoid horses 

confirming rheir dcterminarion to E. stejionis. 

Similar results are also taken fcom the compari- 

son of thc first phalanges (Fig. 7). Thus the horse 

from Volax Ls similar to that from the middie 

Villafranchian locaiity of DFN and both can 

bclong to rhe sanie subspecies. 

Another stenonoid horse is known from the loca¬ 

iity of Sesklon (Thessaly. Greecc). le has large 

dimensions; the length of thc lower toothrow is 

191 mm (Symeonid.is 1991, 1992). The size of 

the First phalanges and astragalus are very close to 

tho.se of the VOL equid. Unfortnnarejy therc arc 

no measuremencs frojn the metapodials for a 

comparison with lhe studied ones; the material 

of Sesklon is still on study. However from the 

few avai labié data thc Sesklon horse seems to be 

very close to those of Volax and Dafnero. 

The horse of Là Puebla (Spain), referred as 

E. s. cf. virttL is a large-sized stenonoid horse, 

similar to die studied one. The upper toothrow 

length is 191 mm (Eisenmann 19S0) vs 185 mm 

for the Volax equid The protocone index of the 

Volax equid is similar to that of the La Puebla 

horse; only the protocone index of Pd and M3 

from Volax is smallcr chan chat of La Puebla 

(Fig. 5A). The postflexid index of thc Volax 

horse is smaller in p4 and ml,2 than that of 

La Puebla (Fig. 5B). But as thc Volax material is 

very scaniy comparadvely to that of La Puebla, 

this différence is not sufficiently proved. The 

metapodials and first phalanges of the Volax 

horse fit vêry wcll with chose of La Puebla; their 

size and proportions are rhe same (Fig. 6). 

Moreover thc varions indices calculated for die 

metapodials of the Volax horse are similar to 

chose for the La Puebla one (sec description), 

"làking in account ail the above data, thc Volax 

and l.a Puebla equids are similar and can be 

determincd to the same subspecies. 

The subspecies E, s. vireti is known from the 

locaiity of Sainc-Vallier (France). Ir is larger than 

A 
THIRD METACARPAL 

THIRD METATARSAL 

F.g. 6. — Logarithmic ratio diagram comparing the metapodials 
of lhe Volax equid wilh lhûf*e of E stùnonis from vanous locali- 
tios Standard E. t^envonue orwger (ElîSenmann & Beckouche 
1986).-, B. s. et. Vfreti, Volax, VOL; -, E s, et. vir&ti.  Datnero. 

fKûulos & Kostopoulos 1993); . B. s. Of. vireti, 
La Puebla. Spam (Eiafthmauf' 1979); i, B. s vireti, Saint- 
Vallier. Kiance (Eieenmann 19?9). • , E s. mygdoniensis, 
Geiâkarou, Grftece (Koufos 1992); . E. s, stenonis. Oüvola, 
lla:y (DeOtuli 1972). 
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the Volax horse wirh relatively higher pmtocone 
and posrflexld indices except rhose of P2 and p2 
(Fig. 5). The toothrow length is 182-196 mm 
(mean 197.5 mm) for the upper and 
176-199 mm (mean 190 mm) for the lowcr jaw 
(Prat 1968). The toothrow length of the Volax 
horse is inco the ranges of variation for E. s, 
but its mean values are slightly sraaller than 
thosc of Saint-Vallicr. However che metapodials 
of E. s. vircti hâve similar height with rhose from 
Volax but their proportions are larger, îadicating 
slightly more robust metapodials than those of 
Volax (Fig. 6). This différence is clearer in the 
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Fig. 7. — Logarithmic- ratio diagram comparing lhe first pha¬ 
langes of the Volax equid with those of F. stenonfs from vanous 
localilies. Standard E hemiûnu$ onager (EIsenmann & De Gtuli 
1974: Dive & Eisenmann 1991). -, E s. cl. v/reti, Volax, VOL:-. 
E s. cf. vlreti. Datnero, Qreece (Koutos & Kostopoulos 1993); 

E S- cf. vireti. La Puebla, Spain (Eisenmann 1979), 
E s. vireti, Saint-Vallier. France (Eisenmann 1979). 

metatarsals. The fîrst phalanx of E. s, vireti is al.so 
larger than that of Volax (Fig. 7). Considering ail 
these characters the Volax equid has great simlla- 
rlries with the type material of E, r. vireti but it is 
slightly smaller with slightly slendener metapo¬ 
dials. 
The rypical subspecies E. s. stenonis is known 
from the area of Tuscany, Italy (Valdarno» 
Olivola, Matasslno). A good description of this 
subspecies is given for the material of Olivola and 
Matassino by De Giuli (1972). The rooth-row 
length IS 187-189 mm for rhe upper and 
194-195 mm for che lower jaw; chese values are 
close CO those of the Volax sample. The metapo¬ 
dials from Olivola hâve slightly larger dimensions 
than those of Volax, Dafncro and La Puebla, 
situated beeween rhem and E s. vireti from 
Saint-Vallier (Fig. 6). The maximal diameter of 
the anicular facec for the os magnum in Mc III  is 
significandy longer in the Olivola sample than in 
the others (measureraenc 7 Ln Fig. 6A), The dJa- 
physis is wider in the Olivola metatarsals than in 
the other horses (measiirement 3 in Fig. 6B). 
E. s, stenonis is noi very different from E, s, vireth 
their skull size îs sîmilar but E. s. stenonis has lon¬ 
ger metapodials (Az/^roli 1990), The comparison 
of the metapodials (Fig. 6) suggests that their 
general proportions arc very similar. 
AU the Eiiropean siibspecies of E. stenonis are 
based on différences in the si/e and proportions 
represenring geographical and/or chronological 
varieties. Someiimes the few availabic or frag- 
mentary material cannot allow a good statistical 
analysis evidencing some différences. Three pos- 
sibilities can be proposed for these large horses of 
the end of Pliocène: (a) to represeru a single sub¬ 
species of if. stenonis with local varieties; (b) to 
represent rwo subspecies, E, s. vireti (La Puebla, 
Dafnero, Volax) and E. s. stenonis (Valdarno. 
Olivola, Matassino); and (c) to include Dafnero, 
Volax and La Puebla to a new subspecies. The 
first hypothe^is seems to be the most probable 
but since I bave not seen ail this material I can¬ 
not support it at the moment; a munography 
revising ail European stenonoid horses is necessa- 
ry in order to clarify their relationships and to 
define the valuable spedes and subspecies. 
From the Villafranchian localides of Mygdonia 
basin (Macedonia, Greece), a stenonoid horse has 
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been dcscribed as E. s. myg€loniemb\ ihe bcuer 

sample is that of tlie locaÜty oP ^‘Gerakarou 1”, 

GER (Koutos 1992). E. s. myge/onteyisb is smallcr, 

with relativeJy slendercr merapodials rhan the 

Volax horse. The toorhrow length is 173.5 mm 

for the upper and 1Pï7.8 mm Idf the lowcr jaw i^s 

185 mm and 188.5 mm for the Volax horse res- 

pectively. The slcnderness index lu 18.6 for Mc lîl  

and 15.9 for Mt III,  while in the Volax horse it is 

respectivcly 20.1 and 17. The metapodials of die 

Gerakarou hor.se have more or less similar heiglu 

but their relative proportions arc quite smaller 

than those of the studied equid (Ftg. 6). The 

horse found in the localicy of Livakos (Grevena 

basin) and described a.s E. J. cf. stnezetisis 

(Steensma 1988) is smaller than thaï of Volax and 

doser to f. s. wygdoniemrs {Kauios 1992). 

Concerning ail the above nientîoned descriptive 

and comparative data, the Volax horse belongs to 

E. stenorm and has' grcaresc similarities with the 

forms from Dafnero and La Puebla. It is also 

close CO E. s. vbrn from Saint-Valüer. It has as 

well some similarities to E. s. stenonis from 

Olivola and Matassino. Thus, the Volax horse is 

referred as E. s. cf. vireti. 

BIOCHRONOLOGY 

The Volax horse belongs to the large-sized steno- 

noid horses which appeared at the end of 

Pliocène. The oldest représentative of Eqtius in 

Europe is E. Iwerïzovensis while the first appea- 

rence of the genus in Eurasia has been dated at 

about 2.5 Ma (Lindsay et al. 1980; 

Bonadonna Ôc Alberdi 1987). E. stemnis includ- 

ing the late Pliocene-early Plei.stocene horse.s 

with sevcral forms, allowed the subdivision of 

that time span (Bonadonna & Alberdi 1987; 

Azzaroli 1990). The Volax horse has some simila¬ 

rities with E. s. vireti from Saint-Vallier. The 

Saint-Val lier localicy has been dated to late 

Pliocène, MN17 (Mpin 1990). According ro 

Torre et al. (1992) the Saint-Vallier locality 

belongs ta the Saint-Vallier Faunal Unit corres- 

ponding to the end of rtiiddle VÜlafranchian. 

The horse of Volax is very similar to that of 

Dafnero (Greccc) and La Puebia (Spain). The 

Dafnero locality has been dated to middle 

FAUNA VOL DFN PUE STV OLI 

Macaca cf fforenPna sp. + 
Paradolichopithecus 
arvemensts + 

Anapcus arvemensis + 
Archfdishodon menodionalis + + + 
ElApbantiUiae Indot. + 
Nycieroulos rnegafffSstoides + + + + 
Vulpûs alopecûideS' + + + 

prapcorsi^c + 
Can/e*cf, falconer + 
Canis otrascus + 
Ursîus, i>fTu/;cus + + + + 
BottdSQioe fêlinos + 
Pltahyatma pernen + + 
Plloh/anna bwvirostris + 

cf. + 
Chasmaporthetos tunensis + + + + 
Moijanlareon magantereon + + + + 
Lynr isshdorensis ? + + 
Aanonyx pardimmcis + + + 
Pànîdvrs ((ChautH cf. + 
Pantdera gombasiongensis + 
Molasi thoréill + 
Enhydriala nrdaa + + 
Homotfwn'um satmeili + 
Homothonum cmrtafidens + 
Equus .^tanonis s/irati cf. cf. cf. + 
Equu9 sianonla ^lanonis + 
Diccrorh/nus t*tnjscu$ + + + 
Rhinocorottdae rdot + 
Sus »lroz/i( + 
MiiHarfoftitfnum nfatpnii + + 
Euaadocùros senccensis + + + + 
Euc(adoinafo& ôicramos + 
“Carvuÿ'' phitisi + + + + 
CrouPtacoTos ramosus + + + 
Laptohofi êtanomatopon + 
Loprodos atruscüs + 
Loptobos: cf. 
GafatioapifS toaàxtfpis cf. + + + 
Gdlfogorat menegfvnii + cf. cf. + + 
Ga^olla tjouvraini asp. sp. + 
Oaj0llà ùo.^onica + + 
Procamptoceras bnvatense ?sp + 
Antilopinae indet. f 

Fig 8. — Faunal list: VO. Volax (Sickenberg 1967. 1968a. b; 
Kostüpoulos 1996); DFN. Dafnero (Koufos 1993; Koufos & 
Kostopoulos 1993. 1997; Kostopoulos 1996); PUE. La Puebia 
(Aguirre & Morales 1990), STV, Saint-Vallier (Heintz ef a/. 
1974), OU. Olivola. 

Villafranchian (zone MN178 of Mein 1990; or 

MNQI7 of Guérin 1990), (Koufos et ai 1991; 

Koufos 1993; Koufos & Kostopoulos 1993; 

Kostopoulos & Koufos 1994, Kostopoulos 

1996). The locality of La Puebia is also dated to 

middle Villaffauchian, MN17 and is considered 

siighily yuunger rhan that of Saint-Vallier (Mein 

1990). Taking into accouiu the above mentioned 

similarities of the Volax horse with those from 
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Simpson’s Index VOL DFN PUE STV OLI 

VOL 100 100 75 62 77 63 85 63 39 31 
DFN 100 100 91 69 83 69 41 23 
PUE 100 100 86 90 57 35 
STV 100 100 88 45 
OLI 100 100 

Pickford’s Index VOL DFN PUE STV OLI 

VOL 0 0 8 19 8 23 85 63 43 52 
DFN 0 0 4 18 10 14 41 65 
PUE 0 0 6 3 13 43 
STV 0 0 4 36 
OU 0 0 

Fig. 9. — Faunal similarities indices of Simpson and Pickford, calculated for the localities of figure 8. The left number is at generic 
level and the right number at spécifie level. 

the orher localiries, a similar âge can be proposed 

for the localicy of Volax. 

The material collected from Volax has been 

determined by Sickenberg (1967, 1968a, b) and 

the following ^pecies are referred: Megantereon 

megantereon megantereon, Nyctereutes megamas- 

toides megarruistoidesy Vulpes praeconacy Bosdaglus 

felinusy Felts {Lynx) issiodorensis^., Macedonithe- 

riurn martinii, Leptohos sp., Nemorhedut sp-, 

Guzetla sp., Gazelloapira sp., Oidernpjk^eros spo 

E(juus {Allohippîis) sp. and Prnhosc'tdea inder., 

whilc an earliest Pleistocene âge has been propo¬ 

sed. However lhe presence of Nyctereutes in the 

Volax fauna suggests an older âge; the genus has 

been replaced by Canis ar the beginning of latc 

Villafranchian (lorre et al. 1992). Thus the 

Volax fauna must be older than Early Pleis¬ 

tocene. The recent srudy of the bovids and cer- 

vids from VoUix (Fig. 8) and their comparison 

with rhose of rhe other Greek and Kuropean 

localities suggest also a middle Villafranchian 

(MNl7a) age (Kostopoulos & Koutos 1994; 

Kostopoulos 1996). This age confirms the above 

mennoned age proposed for the studied equid. 

As ic was referred beforc, the Volax equid is simi¬ 

lar or has similarities with that from Dafnero, 

La Puebla, Saint-Vallier and Olivola. A compari¬ 

son of the whole fauna from Volax with those of 

the above mencioned localities is necessary ro 

establish the.se similarities.The faunal composi¬ 

tion of Volax is similar to that of Dafnero, 

La Puebla and Saint-Vallier (Fig. 8). The simila- 

rity index of Simpson is high, both in generic 

and spécifie level, wbile the distance index of 

Pickford is small (Fig. 9), indicating strong fau¬ 

nal similarities. The différences in the faunal 

composition are referred in the absence of sonie 

small carnivores (Fig. 8), whlch are difflcult  to be 

pre&erved pre- and posr-mortem. Taxonomical 

problcms cause ai.so somc différences in the com  ̂

position of rhe fauna. The ursid Basdagius is 

known only from Volax and po.ssibly represents a 

form of tire genus Lksus. 

However rhe Olivola fauna differs more from the 

orhers and seems to be younger. The Simpson 

index is small and the Pickford index is high 

both In generic and spécifie level indicacing the 

differcndaiion of ihe Olivola fauna from the 

ochers (Fig. 9). The presence of Canis etrnscus, 

Pliohyaena brevirostris and Panthera gombaszoe- 

gensis indicates a younger age for the Olivola 

fauna. As menrioned before, Canis etruscus cor¬ 

responds to the beginning of early Pleistocene 

(Toitc et al 1992). The large-sized Pliohyaena 

brevirostris appeared in Europe at early 

Pleistocene in Olivola fauna (Torre et al. 1992). 

However, in Greece, this species has appeared 

earlier in the Gerakarou fauna, where ic was 

found together with IHiahyaena penieri. The 

Genikarou fauna has been dared ar the rransitioii 

berween Pliocene/Pleisracene (Koufos 1992: 

Kostopoulos 1996). Panthera gombaszoegensis aiso 

characterizes ihe beginning of lare Villafranchian 

(Azzaroli et al 1988) and its presence in the 
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Olivola fauna indicatcs a j^ungcr agc tlian that 

of Volax. Da/nero, La Puebla and Saint-Vallier. 

In the lasc rwo localities the more primitive 

Panthera schaubi is présent. The Volax fauna pré¬ 

servés more primitive characters and corresponds 

CO Saint-Vallier Faunal Unit of Torre et al. 

(1992). These faun;il similarities of the Volax 

material with rhe other localities rcflcct aiso âge 

similarities and a middle VÜIafranchian âge is 

proposed for ihe local ity of Volax. 
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APPENDIX 

MEASUREMENTS AND STATISTICS 

Mandible VOL-202 VOL-204* 

2 -156 . 

3 95.2 - 

4 91.5 - 

5 188.5 110.5 
7 70 - 

10 110 57.7 
11 79.5 - 

12 63.7 37.2 
13 93 - 

14 {24}  - 

16 140 - 

Tablé 1. — Equus stenonis cf. vireti. Volax, Macedonia. Greece. 
Mandible. *. VOL-204 is a hemimandible wilh milk teeth. 2, 
muzzie langth. middie of the line connecting the anterior borders 
of p2 to a point situated between the iwo h: 3. premoiar length 
(alveolar); 4, molar length (aiveolar); 5. toothrow length (alveo- 
lar): 7, muzzie breadth: breadth at the posterior borders of i3; 
10, height of the jaw behind m3; 11, idem between p4 and m1 ; 
12, idem in front of p2:13, symphysis length; 14, minimal breadth 
of the symphysis: 16. length of diastema p2-i3. 

VOL-203 VOL-209 
dex sin 

P2 Lo 41.8 39.6 41.3 
Bo 27.8 28.0 28.2 

Lp 6.8 6.3 6.4 
Bp 5.7 5.4 5.8 
PI 16.3 15.9 15.5 

P3 Lo 30.4 30.8 - 

Bo 27.3 28.7 - 

Lp 7.7 7.6 - 

Bp 6.0 5.4 - 

PI 25.3 24.7 - 

P4 Lo 29.5 29.8 . 

Bo - 29.5 - 

Lp - 9.4 - 

Bp - 5.2 - 

PI - 31.5 - 

Ml  Lo 26.4 29.0 
Bo - 29.2 
Lp - 8.4 
Bp • 5.0 
PI - 29.0 

M2 Lo 26.9 {30.4} 
Bo - 27.4 
Lp 9.6 - 

Bp 4.4 - 

PI 35.7 - 

M3 Lo 31-4 . 

Bo 23.3 - 

Lp 10.0 - 

Bp 3.3 - 

PI 31.8 - 

Table 2. — Equus stenonis cf. vireti, Volax. Macedonia, Greece. 
Upper permanent cheek teeth. Lo, occlusal length; Bo, occlusal 
breadth: Lp. protocone length; Bp, protocone breadth; PI, proto- 
cone index. 
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dex 
VOL-202 

sin 

P2 Lo 37.5 36.5 
Bo ant. 14.2 13.1 
Bo post. 16.7 17.0 
Lprfl  9.0 9.0 
Lptfl  15.0 13.5 
IF 40.0 37.0 

p3 Lo 31.2 31.2 
Bo ant. 17.7 18.4 
Bo post. 17.4 19.0 
Lprfl  9.4 9.8 
Lptfl  12.4 13.4 
IF 39.7 42.9 

p4 Lo 30.5 29.6 
Bo ant. 17.0 17.8 
Bo post. 17.4 19.0 
Lprfl  9.4 9.2 
Lptfl  12.2 12.6 
IF 40.0 42.6 

ml Lo 28.0 27.7 
Bo ant. 17.4 17.0 
Bo post. 16.8 18.2 
Lprfl  7.6 7.8 
Lptfl  9.0 9.8 
IF 32.1 35.4 

m2 Lo . 30.0 
Bo ant. - 16.2 
Bo post. - ' 
Lprfl  - 7.8 
Lptfl  - 10.1 
IF - 33.7 

m3 Lo - 33.3 
Bo ant. - 15.8 
Bo post. - 13.6 
Lprfl  ' 7.4 
Lptfl  - 9.4 
IF 28.2 

Table 3. — Equus stenoni cf. vireti, Volax, Macedonia, Greece. 
Lower permanent cheek teeth. Lo, occlusal iength; Bo ant., 
anterior occlusal breadth: Bo post., posterior occlusal breadth; 
Lprfi, prefiexid Iength; Lptfl, postflexid Iength; IF, postflexid 
index. 

Humérus n x min max s v 

3 2 37.05 36.5 37.6 0.78 2.10 
4 2 45.60 44.9 46.3 0.99 2.17 
7 2 82.50 81.0 84.0 2.12 2.57 
8 4 87.53 85.2 89.6 2.35 2.69 
9 3 50.17 47.2 52.7 2.78 5.53 
10 1 40.00 - - - - 

11 3 44.73 43.1 46.5 1.70 3.81 

Table 4. — Equus stenonis cf. vireti. Volax. Macedonia. Greece. 
Humérus. 3, minimal breadth (oblique); 4, diameter perpendicu- 
lar to and at the level of 3; 7. maximal breadth of the trochiea: 
8, distal maximal depth; 9. maximal trochlear height (médial); 
10, minimal trochlear height (in the middle); 11. trochlear height 
at the sagittal crest (near the condyle). 
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Radius n x min max s v 

1 1 362.80 . - - . 

2 1 343.00 - - - - 

3 3 44.10 43.9 44.4 0.26 0.60 
4 3 30.50 28.5 33.0 2.29 7.51 
5 1 75.70 - - - - 

6 1 [36] - - - - 
7 1 80.90 - - - - 

8 2 65.95 65.4 66.5 0.78 1.18 
9 1 39.30 - - - - 

10 2 78.65 78.1 79.2 • - 

11 2 25.50 25.0 26.0 - - 

12 1 16.90 - - - * 

Table 5. — Equus stenoni cl vireti, Volax, Macedonia, Greece. 
Radius. 1- length: 2. médial length: 3. minimal breadth 
of diaphysls; 4, DAP oï the diaphysts at the level of 3; 5. proxi¬ 
mal articuiar breadih; 6, proximal adicuiar DAP. 7, proximal 
maximal breadth: 6, distal articuiar breadth: 9, distal articuler 
DAP: 10. distal maximal breadth: 11. diameter ot the articuiar 
facet for navicular. 12. /dem fonriqueirum 

Mc Ml n X min max s v 

1 2 241.45 236.4 246.5 . . 

2 1 241.70 241.7 241.7 - - 

3 2 35.85 35.5 36.2 - - 

4 2 28.70 28.3 29.1 - - 

5 1 52.00 - - - - 

6 1 33.80 . - - - 

7 1 44.00 - - - - 

8 1 17.00 - - - - 

9 1 7.50 - - - - 
10 3 48.93 47.4 50.0 1.12 2.27 
11 4 48.55 47.4 49.7 1.10 2.27 
12 3 35.80 33.9 37.2 1.39 3.90 
13 3 27.53 27.0 27.9 0.38 1.40 
14 4 30.18 29.1 31.5 0.91 3.03 
16 2 8.00 7.5 8.5 - • 

Table 6. — Equus stenonisci. vireti, Volax, Macedonia, Greece. 
Third metacarpal. 1, maximal length; 2. internai length; 3, bread¬ 
th of ihe diaphysis (in the middie); 4, DAP* idem ai lhe level of 3; 
5. proximal articuiar breadth: 6, proximal articuiar DAP; 7. maxi¬ 
mal diameter oi the articuiar face! (or os magnum: 8. diameter of 
the ar^terior facei for hamatum: 9, diameter of lhe articuiar facet 
for Mc M; 10, distal maximal supra-articular breadth: 11. distal 
maximal articuiar tyeadth; 12, distal maximal DAP of the Keel; 
13. distal minimal DAP of the latéral oondyle. 14, distal maximal 
DAP of the médial condyle; 16. diameter for lhe articuiar lacet 
for Mc III.  

Tibia n X min max S V 

3 3 46.80 45.4 47.7 1.00 2.14 

4 3 32.63 31.3 33.5 0.96 2.93 
5 1 74.1 - - - 

6 1 61.1 - - - - 

7 3 71.23 68.5 75.9 3.32 4.66 
8 3 47.00 44.3 49.2 2.03 4.32 
9 1 17.0 - - - * 

Astragalus VOL-196 VOL-197 

1 . 65.8 
2 - [63.2] 

3 30.6 28.8 
4 66 64.7 
5 51.3 [55.5] 
6 36 34.5 
7 48.5 51 

Table 7. — Equus stenonis cf. vireti, Volax, Macedonia, Greece. 
Tibia. 3. minimal breadth ot the diaphysis; 4, DAP of the diaphy¬ 
sis ât the level of 3; 5, proximal maximal breadth: 6. proximal 
maximal depth; 7. maximal distal breadth; 8, maximal distal 
DAP; 9, length of the fossa digitalis. 

Table 8. — Equus stenonis cf. vireti, Volax, Macedonia, Greece. 
Astragalus. 1, maximal length (height) articulation surface for 
navicular-top of the internai condyle; 2, meximaJ diameter ot the 
internai condyle; 3, irochlear breadth: mIddIe of the Internal- 
middle of the external condyles; 4. maxtmal breadth (in projec¬ 
tion). 5. distal articuiar breadth; 6. distal articuiar DAP; 
7, maximal DAP ol lhe inlernal condyle. 
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Equus stenonis from middle Villafranchian of Macedonia 

Mt III  n X min max S V 

1 2 275.50 270.0 281 . . 

3 5 35.60 33.7 37.3 1.31 3.68 
4 5 32.94 31.4 34.6 1.14 3.46 
5 3 49.80 47.0 52 2.55 5.13 
6 2 38.25 38.0 38.5 - - 

7 2 47.50 47.4 47.6 - 

8 5 11.50 10.7 11.9 0.47 4.12 
g 1 6.4 - - - - 

10 6 40.70 47.3 50 1.11 2.29 
11 6 47.65 46.2 49.5 1.31 2.75 
12 7 36.44 34.5 37.9 1.16 3.2 
13 6 26.72 25.4 27.5 0.82 3.08 
14 5 30.94 29.3 31.7 0.97 3.12 

Phalanx 1 VOL-181 VOL-182 VOL-183 VOL-184 VOL-185 

1 78.4 . 84.6 81.8 
2 71.4 74.9 - - 

3 32.5 - 33.5 - 34.2 
4 55,7 - 54.2 44.7 54.6 
5 37.0 - 37.4 29.3 - 

6 44.1 43.0 46.2 - 47.1 
7 42.1 - 45.0 46.4 
8 23.7 - 24.4 - 25.2 
9 42.0 • 50.1 - 45.5 

Phalanx II VOL-186 VOL-187 

1 48.6 46.7 
2 34.3 33.2 
3 45.4 45.2 
4 53.8 52.2 
5 33.6 32.7 
6 49.5 48.1 

Phalanx III  VOL-188 VOL-189 VOL-190 VOL-191 

1 57.3 47.8 - 55.7 
2 47.8 50.5 - 49.8 
3 67.3 67.3 - - 

6 37.1 41.4 38.8 40.8 

Table 9. — Equus stenonis cf. vireti, Volax, Macedonia, Greece. 
Third motatarsai. 1. maximal lengih: 3. breadlh o1 diaphysis 
(In the middte) 4, DAK idem at tho fovel ot 3; 5. proxtmal articu 
lar breadiin, 6. proximal anicular DAP; 7, maximal dlamatar of 
the articular lacet for the cuneiforni; 6. diameter o! the anicular 
tacet #or cuboid: 9. idem for cunoiform II: 10, distal maxirpai 
supra-dificular hreadih, 11. maximal aniCülar breaclth; 
12. distal maximal DAP o( lhe keel; 13. dietal minimal DAP 
the latéral condylo; 14, distal maximal DAP of lhe medial con 
dyle. 

Table 10. — Equus stenonis ci. vireti, Volax, Macedonia, 
Greece. First phalanx of lhe third digil, 1, maximal length: 
2, anterior length: middle of lhe proximal articular facst-middle of 
the distal facet, 3. minimal breadth of the diaphysis: 4, proximal 
breadth: 5. proximal DAP; 6. distal breadth at the tuberosilies; 
7. distal articular breadth; Ô, distal articular DAP; 9. minimal 
length of the trigonum phalangis. 

Table 11. — Equus stenonis cf. vireti, Volax, Macedonia, 
Greece. Second phalanx of the third digit. I, maximal length, 
2, anterior length (as in the firsl phalanx): 3, minimal breadth of 
the diaphysis; 4, maximal proximal breadth; 5. proximal DAP; 
6, distal articular maximal breadth. 

Table 12. — Equus stenonis cf. vireti. Volax, Macedonia, 
Greece. Third phalanx of the third digit. 1, length from the poste- 
rior edge of the articular surface to the tip of the phalanx; 
2, anterior length; 3, maximal breadth; 6, maximal height. 
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